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MULTISTEP SYNTHESIS OF HEXAFLUOROPROPYLENE 

Field of the Invention 
Background of the Invention 
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J5 SUMMARY OF THE INVENTION 
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C) CF3-CCI2-CF2CI. 

D) CF3-CFCI-CF2CI, 

E) CF3-CCI2-CF3, and 

F) CF3-CFCI-CF3, 
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Selected catalysts are used to make the above saturated perhalocarbon intermediates. Catalysts and con- 
ditions can be selected to favor synthesis of any of the named perhalocarbons intermediates, with recycle of 
the underfluorinated intermediates. The synthesis of CF3-CCI2-CF3 in particularly high yield is desirable. Novel 
catalysts have been made for the hydrodehalogenation of CF3-CFCI-CF3, and they give improved catalyst life. 

The processes of this invention synthesize hexafluoropropylene without production of perfluorisobutylene. 

Detailed Description of the Invention 
Definitions 

For the purpose of this disclosure : 

Catalyst means a solid metal-containing catalytic salt or oxide as charged to the reactor. In many of the 
reactions described, the catalyst may undergo unknown changes in composition during pretreatment and reac- 
tion steps. 

Contact time means the volume of catalyst charged to the reactor in ml, divided by the sum of ail gas flow 
rates, in ml/sec, as measured at standard temperature and pressure. 
Halogen means CI and F. 

Chlorofluorination means reaction of a feed containing at least one of the class consisting of propane, pro- 
pylene, and a partially halogenated three-carbon acyclic hydrocarbon with a mixture of CI2 and HF. 

Transhalogenation means the exchange of one haiogen in one organic reactant for another halogen in the 
same or a different organic reactant. 

Disproportionation is a special case in which transhalogenation occurs with only one reactant. In other 
words, it means the exchange of one halogen in the reactant for another halogen in another molecule of the 
same reactant. 

In the following sequences of reactions, conventional procedures may be used for reactant and product 
isolation and, if desired, recycle. Especially useful techniques are fractional distillation or partial condensation. 
It is possible not only to have a separate recovery system for each reaction, as is conventional, but in the case 
of chlorofluorination, fiuorination with HF, dehalogenation with hydrogen, and transhalogenation, it is possible 
to combine the product streams for product isolation, recognizing that it is important for the sake of safety to 
remove elemental hydrogen carefully from the hydrogenation product mixture before combining the stream with 
other product mixtures that may contain elemental haiogen. 

Chlorine, HF, and HCI are separated by conventional methods. Thereafter, the lowest boiling material (after 
the removal of C-1 and C-2 byproducts) is C3F&, which is a useful by-product ; the next is hexafluoropropylene, 
which is the final product desired ; the next lowest boiling among saturated perhalocarbon intermediates is CF3- 
CFCI-CF3, which can be used in the last step of several sequences. Intermediates containing two or more 
chlorine atoms boil higher, and may be recycled with or without isolation. 

The reaction sequences of the invention, including the final step resulting in hexafluoropropylene, are : 

I. Sequence involving CF3-CFCI-CF3 intermediate 

a) Chlorofluorination of a feed containing at least one of the class consisting of propane, propylene, 
and a partially halogenated three-carbon acyclic hydrocarbon to CF3-CFCI-CF3. More lightly fluori- 
nated by-products may optionally be recycled. 

b) Dehalogenation of CF3-CFCI-CF3 to hexafluoropropylene. In this reaction sequence, dehaloge- 
nation can be accomplished by reaction either with hydrogen or with a suitable metal. 

II. Sequences involving CF3-CCI2-CF3 intermediate : 

1 1 A. 

a) Chlorofluorination of a feed containing at least one of the class consisting of propane, propylene, 
and a partially halogenated three-carbon acyclic hydrocarbon to CF3-CCI2-CF3. Less highly fluori- 
nated by-products such as CF 3 -CCI = CCI 2 . CF 3 -CCI 2 -CF 2 CI, and CF 3 -CCI 2 -CFCI 2 may be recycled 
to the chlorofluorination step (a) or are fed to the fiuorination step (b), which is 

b) CF 3 -CCI 2 -CF 3 + HF-> CF3-CFCI-CF 3 . 

c) Dehalogenation of CF 3 -CFCI-CF 3 to hexafluoropropylene. 

In this and the other reaction sequences, reaction with HF includes either high temperature vapor phase 
reaction or lower temperature reaction in the presence of a liquid phase catalyst such as SbClg/HF or SbF 5 ; 
the vapor phase process is preferred. 
IIB. 

a) Chlorofluorination of a feed containing at least one of the class consisting of propane, propylene, 
and a halogen-containing three-carbon acyclic hydrocarbon to a mixture of CF3-CCI 2 -CF 3 and CF 3 - 
CFCl-CF 2 CI. More lightly fluorinated by-products may optionally be recycled. 
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^ Conversion of C 3 F 6 CI 2 isomers to CF 3 -CFCI-CF 3 either by trans haloge nation or by reaction with 
mk in the event of disproportionation, by-products can be recycled to step (a) 
c) DehaJogenation of CF 3 -OFCI-CF 3 to hexafluoropropylene 
IIC. 

iS" n ri K a ? 0n ° f ! f f d containina at least ° ne «rf «ie class consisting of propane, propylene, 
and a part ally halogenated three-carbon acyclic hydrocarbon to a mixture of C 3 F e CI 2 and C3F5CI3 
and C 3 F 4 Cl 4 . More lightly fluorinated by-products may optionally be recycled 

by-prodlcte ° f 3 " iS ° merS Pr ° dUCed With HF t0 9iVe CF3 - CFC, - CF 3 : reding more lightly fluorinated 

c) Dehalogenation of CF 3 -CFCI-CF 3 to hexafluoropropylene. 

III. Sequence involving CF 3 -CCI 2 -CF 2 CI Intermediate : 

S!??! 01 ' ° f ! containin 9 at ,east °ne of the class consisting of propane, propylene, 
nld hl nr n ? ° 9enated . tnr r Carb ° n aCydic Mmcarbon to CF 3 -CCI 2 .CF 2 CI. More lightly fluori- 
« S b y-P roducts ™*y optionally be either recycled or fed to fluorination step (b). 

sLp^o) 01 + HF ^ CF ^ CFC| - CF 3 a " d CF 3 -CCI 2 -CF 3 . recycling the CF^CCfe-CF. formed to 

c) Dehalogenation of CF 3 -CFCI-CF 3 to hexafluoropropylene. 

IV. Sequence involving CFa-CCI^CF^ and CF 3 -CCI r CCI 3 intermediates : 

?n?» n^n h at !° n ° f 3 f ! 6d containi "9 at ,east °n e «* the class consisting of propane, propylene 
and a parfaally halogenated three-carbon acyclic hydrocarbon to CF^CC^-CPCI, and/or CF^CCl" 

b) CF 3 -CCI 2 -CFCI 2 and/or CF 3 -CCI 2 -CCI 3 + HF-»CF3-CFCI-CF 3 

c) Dehalogenation of CF 3 -CFCI-CF 3 to hexafluoropropylene. 



25 Chloronuorination 



co nrtSno^t^ are , effectiv * for t"e chloronuorination of a feed containing at least one of the class 

and the salts of these minerals may be more practical to use than f^JS^^^ ' " 
Preferred catalysts for the synthesis of C3F7CI are Cr^a, Cr 2 0 3 on alumina, and S oxides of Cr and 
Ce Y tT ^ ^ SynthBSiS ° f C3F6C ' 2 are SU PP° rted sa,te of a * least one ori N7 F e cr Rh 
^^^^STlc V an c d La °- 8Ceo - 2Cr ° 3 - Prefe - d -taiysts for the synmesis^m^ures of 
& Y rh mh r r o ' f 3 3 ' 5 3re su PP° rted ^lysls containing at least one of Zn. Cu, Co, La Pr 
orovwfn In ' ' m " a " d Acce P tab,e resu,ts can be obtained with other metal^onteiningSterJsts 
prov ded the temperature, contact time, and other reaction conditions are suitably selected * 

In the catalytic chloronuorination of a feed containing at least one of the class consistino of Drooane oro- 
pylene. and a partially ha.ogenated three-carbon acyclic hydrocarbon according to thfc nvent? 0 f ^SmperaLrt 
molt ' T P h » ° f betWee " ' 00 ° O 55 °° C - H ° WeVer - the P referred temperature is a^C^^OO'C The 
r^^ra^ - — °" - — time ch^n 6 

25 w,th the preferred range being 9 to 20 and the most preferred range being 10 to 14 Mole rattos of chorine 
to propy.ene may be from 7 to 25. with a preferred range being 7 to 20 and L most prefab range big 8 

n Jj! the ch'orofluorination of propane/propylene the concentration of hydrogen fluoride in relationship to oro- 

oanstr^" 6 ^K^^ ° Ver 3 f3iriy bro3d range ' "'datively, mole raL of hydrogen ^ fluoridate p o ^ 
pane/propylene may be from 3 to 110, with a preferred range of 20 to 60, and most preferred .ranged ^of 30 to 

ra « "J! 9 °o H , F 10 Ch ' 0rine 030 bB Varied over the ran 9 e of 1 " 7 - 11 « preferable to use higher HF - chlorine 
ratios such as 2-7. to make highly fluorinated products, such as CF3-CFCI-CF3 * 

nr. n„»l ab ° Ve "Tf 8 £" ° f ***** raHoS is based on ^ as ^P«°n that partially halogenated products 
are not be,ng recycled. The .arge amounts of HF and Cl 2 are preferred because the chtoroSnaut ^££> 
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is so exothermic that it is desirable to operate adiabatically, with large amounts of cooled recycle feed absorbing 
the heat given off by the chlorofluorination reaction. 

In practice, it is convenient to recycle halocarbons that are not fluorinated to the desired degree, so that 
they will be converted to desired products. Alternatively, in addition, inert gases may be added and recycled 
5 to act as heat sink in an approximately adiabatic reactor. When recyclable intermediates or inert gases are recy- 
cled to the chlorofluorination step, the weight of HF and CI2 in excess of the stoichiometric requirement can be 
reduced. More detail about recycling of intermediates can be found in the discussion below of reaction sequ- 
ence 1, step (a). 

In addition to propane, propylene, recycled Intermediates, and mixtures thereof, it is also possible to feed 
10 to the chlorofluorination reaction a partially halogenated three-carbon acyclic compound. As one example, 1 ,2- 
dichloropropane is readily available and can be used as the starting material, alone or with other feed materials 
specified above. 

The reaction pressure is not critical. Preferably it may be between 1 and 40 atmospheres, about 20 atmos- 
pheres Is preferred to allow easy separation of HCI from the halocarbons without requiring compression. 

15 The yield of desired products will be determined to a large extent by the temperature and contact time of 

the reactant materials with the catalyst Contact times of the order of 300 seconds or less are suitable. Preferred 
contact times are 0.01 to 100 seconds. Most preferred contact times are 0.05 to 15 seconds. 

When catalysts are relatively inactive or when mild chlorofluorination conditions of temperature, contact 
time, and reactant ratios are used, the products obtained still contain hydrogen, and are often unsaturated. 

20 Somewhat more strenuous conditions or more active catalysts give unsaturated products in which all hydrogen 
atoms have been replaced with halogen. The still more strenuous conditions and/or more active catalysts 
employed in the process of the present invention give saturated halocarbons which are rich in CI. The most 
strenuous conditions or active catalysts give highly fluorinated propanes such as CF3-CFCI-CF3. In all cases, 
recycle of under-chlorofluorinated three-carbon intermediates results in further chlorofluorination and eventu- 

25 ally in highly fluorinated halopropanes. The preferred temperature, contact time, and reactant ratios depend 
on the catalyst in use, how long it has been on stream, and the chlorofluoropropanes desired to be produced. 

Figure 1 illustrates schematically how the conversion to the various chlorofluoropropanes referred to in the 
previous paragraph changes with increasing severity of conditions when propylene is chlorofluorinated over 
CrO x on Cr203 ; the severity of conditions was varied by changing contact time or temperature. Figure 2 also 

30 illustrates this point, using a different catalyst, CrCl3 on carbon. The abscissa represents increased chlorof- 
luorination severity, as achieved by varying the HF : propylene ratio from 17 to 30, varying the temperature 
from 400 to 440°C, and varying the contact time from 2 to 20 seconds. The first few points are at HF : propylene 
= 17 and 400°C, varying contact time from 2 to 15 seconds. The last few points are at HF : propylene = 30 and 
9 seconds contact time, varying the temperature from 400 to 440°C. Figure 3 also illustrates this point. In this 

35 series of experiments, CF3-CC I = CCI2 was chlorofluorinated over a 0203 catalyst at a contact time of 1 6 sec- 
onds and at a series of temperatures. This figure shows quite clearly the sequence in which various products 
are formed and the tunability of this novel chemistry to provide a desired product. 

While many of the experiments reported used propylene as the feed hydrocarbon, propane can be used 
with similar effectiveness. Examples 101-105 illustrate this point, using the same catalyst, chlorine : propane 

40 ratio, and HF : propane ratio, but different contact times ; all these examples gave at least 97% total yield to 
useful products. 

General Procedure for Chlorofluorination 

45 The reactor was an Inconel® tube with an outside diameter of 0.5 inch (1.27 cm), shaped like a squared 

U. It was charged with the desired amount of catalyst, usually 20 ml, and purged with nitrogen. The reactor 
temperature was increased via a heated fluidized sand bath to 450°C. The nitrogen flow was maintained through 
the reactor during the heating period. When a temperature of about 450°C was achieved, the HF flow was 
initiated and the nitrogen flow was discontinued. The temperature was then adjusted to the desired value. The 

so HF flow was decreased to the desired value followed by initiating the chlorine and propane (or propylene) flow 
at the desired value. Alternatively, after heating the catalyst at 450°C, the temperature was lowered to 150°C. 
A N2/HF flow was started over the catalyst and the temperature slowly raised to the reaction temperature. 

General Procedure for Product Analysis 

55 

Product analysis was achieved by gas chromatography using a 3m colum from Supelco packed with 5% 
Krytox® fluorinated oil supported on Carbopack® B graphite carbon black. Sample injection was accomplished 
by an on-line sample valve. The analysis was done at 70°Cfor 8 minutes followed by temperature programming 
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at 8 degrees per minute up to 200=0 and held at 200°C for an additional 16 minutes. Product analyses are 
reported as relative area %. 

General Procedure for Preparing Catalyst MCI y /C 

(C herein represents carbon, M represents metal and x represents the valence of M) 

The desired amount of metal chloride was dissolved in 35 to 75 ml of water and the entire solution poured 
over 40 cc of commercial carbon granules (Girdler411, 0.32 cm pellets). The resulting mixture was allowed to 
stand at room temperature for one hour and was then placed in a vacuum oven at 1 1D°C for 16 to 24 hours to 
remove the water. The catalyst was then pretreated by heating in an atmosphere of nitrogen gas at 450°C fol- 
lowed by heating in HF at450'>C prior to its use as a chlorofluorination catalyst 

Catalyst Preparation 

The following catalysts were prepared by the general procedure for MCI X /C : 
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FeCl 3 /C 

ZnCl 2 /c 

RhCl 3 /C 

LaCl 3 /c 

CrCl 3 /c(.oiX) 

CrCl 3 /C(lX) 

NdCl 3 /c 

CeCl 3 /c 

YCI3/C 

PrCl 3 /C 

Smci 3 /c 

(2nCl 2 + Cocl 2 )/C 
(CuCl 2 + CoCl 2 )/C 
(KC1 + CoCl 2 )/C 



Starting Mat^r^i 

39. 7g FeCl 3 .6H 2 0/35cc H 2 0 

20.44g ZnCl 2 /75cc H 2 0 

2.0g RhCl 3 /75cc H 2 0 
62.43g LaCl 3 .7H20/75cc H 2 0 
0.29g CrCl 3 .6H 2 0/60cc H 2 0 
39.17g CrCl 3 .6H2O/60cc H 2 0 
57.39g NdCl 3 . 6H 2 0/7^cc H 2 0 
57.4lg CeCl 3 .8H 2 0/75cc H 2 0 
48.54g YC1 3 .6H 2 0/75CC H 2 0 
S6.86g PrCl 3 . 6H 2 0/75cc H 2 0 
58.37g SmCl 3 . 2 0/75cc H 2 0 
30g 2nCl 2 /35g 

CoCl 2 .6H 2 0/80cc H 2 0 
2.56g CuCl 2 .2H 2 O/35.0g 

CoCl 2 .6H 2 0/75cc H 2 0 
l-12g KCl/35g 

CoCl 2 .6H 2 0/75cc H 2 0 
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(LaCl 3 + CoCl 2 )/C 5.57g LaCl 3 . 7H 2 0/35g 

CoCl 2 . €H 2 0/75 cc H 2 0 
The crci 3 /c catalyst was 29% CrCl 3 on 

carbon. 

Preparation of CoO/CftO* 

Cr 2 0 3 . 100 g, was slurried in a solution of 4.94 g of cobalt nitrate in 500 ml of distilled waterfor 30 minutes 
The water was then removed from the solution via a rotary evaporator and the crude catalyst was dried in a 
vacuum oven and then heated at 450°C for one hour 



Preparation of NiO/Cr 2 0 3 
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Cr203, 100 g f was slurried in a solution of 5.0 g of nickel nitrate in 500 ml of distilled water for 30 minutes. 
The water was then removed from the solution via a rotary evaporator and the crude catalyst was dried in a 
vacuum oven and then heated at 450°C for one hour. 

5 Preparation of Cr-oxide on Alumina 

CrCi3.6H20, 134 g, was dissolved in 1000 cc hfcO. To this solution was added 45 g of a low alkali metal 
content AI2O3. The slurry was stirred and heated to 90°C. The pH of the hot solution was adjusted to 9 with 
concentrated ammonium hydroxide. The solution was stirred for one hour at 90°C and then allowed to cool to 
10 room temperature. The crude solid was filtered, washed five times with 100 cc of H2O and dried In a vacuum 
oven at 110°C. The catalyst was mixed with 1-5 weight % "Sterotex" powdered lubricant (registered trademark 
of Capital City Products Co, Columbus, Ohio, division of Stokely-Van Camp, for its edible hydrogenated veget- 
able oil) to give 1/8" diameter x 3/16" long cylindrical pellets from a Stokes tablet machine. 

15 Preparation of Cr-oxide/AlF 3 

CrCl3.6H20, 134 g, was dissolved in 1000 cc H2O.T0 this solution was added 45 g of AIF3. The slurry was 
stirred and heated to 90°C. The pH of the hot solution was adjusted to 9 with concentrated ammonium hyd- 
roxide. The solution was stirred for one hour at 90°C and then allowed to cool to room temperature. The crude 
20 solid was filtered, washed five times with 100 cc of H2O and dried in the vacuum oven at 1 10°C. The catalyst 
was mixed with 1-5 weight % "Sterotex" powdered (ubricantto give 1/8" diameter x 3/16" long cylindrical pellets 
from a Stokes tablet machine. 

Preparation of RhCl3/Cr 2 03 

25 

Cr203, 100 g, was slurried in a solution of 2.6 g of RhCb in 500 ml of distilled water for 30 minutes. The 
water was then removed from the solution via a rotary evaporator and the crude catalyst was dried in a vacuum 
oven and then fired at 400°C for one hour. 

30 Preparation of Cro , 5 Mno ,502 

Cr(N03)3.9H20, 400.15 g, and 287.06 g of M(N03>2.6H20 was dissolved in 1000 cc H2O. The pH of the 
solution was adjusted to 9 with concentrated ammonium hydroxide. The crude solid was collected by filtration 
and dried in the vacuum oven and fired overnight at 500°C. The catalyst was mixed with 1-5 weight % "Sterotex 11 
35 powdered lubricant to give 1/8* diameter x 3/16" long cylindrical pellets from a Stokes tablet machine. 

Preparation of La 0 >B Ce 0 .2 CrQ 3 

La(N0 3 )3.6H20, 346.4 g, 86.8 g of Ce{NO 3 )3.6H2Oand400.15g of Cr(N03>3.9H20 were dissolved in 1000 
40 cc H2O. The pH of the solution was adjusted to 9 with concentrated ammonium hydroxide. The crude solid was 
collected by filtration, washed with water and dried in the vacuum oven. The catalyst was fired at 600°C for 
four days with daily grinding and mixing. The catalyst was mixed with 1-5 weight % "Sterotex" powdered lub- 
ricant to give 1/8" diameter x 3/16" long cylindrical pellets from a Stokes tablet machine. 

45 Preparation of ZTo .sCro.sOi.s-2.0 

2rO(N0 3 ).xH20 f 100 g. and 159 g of Cr(N03)3.9H20 was dissolved in 2750 cc of H2O. The pH of the sol- 
ution was adjusted to 9 with concentrated ammonium hydroxide while vigorously stirring the solution. The crude 
solid was collected by filtration, washed with water and dried in the vacuum oven. The catalyst was fired at 
so 500°C overnight The catalyst was mixed with 1-5 weight % "Sterotex" powdered lubricant to give 1/8" diameter 
x 3/16" long cylindrical pellets from a Stokes tablet machine. 

Preparation of Lao .7Sro.3 CrOo .7Fog 

55 La(N03)3.6H20, 303.1 g, 400.2 g of Cr(N03)3.9H20 was dissolved in 1000 cc of H2O. The pH of the solution 

was adjusted to 9 with concentrated ammonium hydroxide. SrF2, 37.7 g, was added and the slurry was stirred 
for 30 minutes. The crude solid was collected by filtration, washed with 500 cc of H2O and dried in a vacuum 
oven. The catalyst was fired 4 days at 600°C with daily grinding and mixing. The catalyst was mixed with 1-5 
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weight % "Sterotex" powdered lubricant to give 1/8" diameter x 3/1 6" long cylindrical pellets from a Stokes tablet 
machine. 

Preparation of CrO y on Cr 9 Oa 

In 2000 ml of water was dissolved 1 60 g Cr03. Eight portions of 10 ml ethanol were added at 5-minute 
intervals, with stirring. The mixture was stirred for 4 hours, and then 80 ml more ethanol was added with stirring 
The mixture was refluxed overnight with stirring. The entire mixture was evaporated to dryness in a rotary 
vacuum drier, allowing the remaining dissolved solids to deposit on the chromia gel. Then drying was completed 
in a vacuum oven at 1 10°C. Pellets 0.125" (3.18 mm) in diameterwere formed after the addition of 1 % "Sterotex" 
powdered lubricant 

Dehydration of Cr 2 Q 3 Catalysts 

When hydrous chromium oxide is used in making a catalyst, that catalyst is preferably heated to 450°C 
for about one hour with a flow of a gaseous diluent such as nitrogen, to dehydrate the hydrous chromium oxide 
before the catalyst is used. 

CH LOROFLUORI N ATI O N EXAMPLES 

In all of the Examples herein : 

Yield, as reported in the examples, is calculated from peak areas obtained in gas chromatographic analysis 
This is a common technique in product identification, even though various compounds have somewhat different 
response factors. 

Conversion of hydrocarbon in all chlorofluorination reactions is complete. Conversion to a particular product 
in the examples is calculated from peak areas obtained in gas chromatographic analysis 

Temperature in a tubular reactor of less than about 1 cm in diameter is measured with a thermocouple in 
the heat transfer medium outside the tube. Temperature in a tubular reactor of more than about 1 cm diameter 
!n Z aS T ^ * thermocou P |e * ^ internal well. In large scale reactors, there are several thermocouples 
in the well so that the temperature profile can be observed. 

The conditions and results of propylene chlorofluorination experiments directed toward saturated halocar- 
bons are recorded in Table I (Examples 1 to 22). in which Ct means contact time in seconds, and other abbrevi- 
l Tnr?ZZ !5r ed " f* 3 ^?^^ 6 Preferred f ° r maki " 9 CF 3- c Cl2-CF 2 CI are 6 and 21. Examples which 

"cSSSSSSSS " the major product are Examp,es 1 to 6 - Examp,e 9 makes a m ^ re 

Note that the footnote to Table I explains that the remainder of the products consists of materials which 
are underhalogenated and can be recycled. This means that the yield to the most highly fluorinated product 
mentioned approaches 1 00%. provided recyclable intermediates are recycled in equally high yield 

The metal salt or oxide catalysts employed in the preferred process of this invention are considerably more 
active than carbon pellets alone. This is illustrated in Table II, in which the temperatures, contact times and 
ratios of reactants are similar. Note that considerably larger quantities of saturated perhalocarbons are made 
when the promoted catalysts are used. 

as show^i^Rg 3 i CFCI CF3 ^ recydab,e intemiediates . propylene was chlorofluorinated over CrO x on Cr 2 0 3 

«, » ^SfKfV* the ch,orofluorinati °n of propane are summarized by Examples 24 to 28 in Table III, showing 
that CF 3 CCl2CF 3 was made in conversions of up to 81%. with yields to this product plus recyclable inter- 

mediates of 85-88%. 



SYNTHESES OF HEXAFLUOROPRQPYLENE 
I. Sequence of Reactions Based on CF3-CFCI-CF3 

Sequence I is attractive because it requires only two steps, with resultant process simplification and reduc- 
tion in plant investment and operating cost 

a) Chlorofluorination of propane and/or propylene and/or partially halogenated three-carbon acyclic hyd- 
rocarbon to CF 3 -CFCI-CF 3 , optionally recycling all more lightly fluorinated intermediates (see the sec- 
tion on Chlorofluorination Examples, and particularly see the Examples of Sequence I 

b) Dehalogenation of CF^FCI-CFa to hexafluoropropylene. In this reaction sequence, dehalogenation 
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can be accomplished by reaction with hydrogen or a suitable metal. 

(i) Hydrogenation. While any hydrogenation catalyst could be used, the most active catalysts, such as Pt 
and Pd, are poor selections because, in addition to the desired products, they lead to the addition of hydrogen 
across any double bond present or to the substitution of hydrogen for chlorine, thus reducing the yield of desired 

5 products and requiring recycle. These effects are not desirable, but do not substantially reduce the overall yield 
to hexafluoropropylene, because the hydrogen-containing by-products can be recycled to the chlorofluorination 
step. Catalysts containing excessive amounts of Ni may give this somewhat undesirable result. 

Catalysts which are preferred include, as charged to the reactor, common hydrogenation catalysts such 
as Cu, Ni, Cr, or combinations thereof, optionally promoted with compounds of Mo, V, W, Ag, Fe, K, Ba, or 

10 combinations thereof. It is not critical whether the catalysts are supported or not, but some of the better catalysts 
include unsupported copper chromite. However, supports which are un re active to halocarbons, HF, and oxygen 
at hydrogenation temperatures and up to 1 00° higher such as metal fluorides, alumina, and titania, may be used. 
Particularly useful are supports of fluorides of metals of Group II of the Mendeleeff periodic table, particularly 
Ca. A preferred catalyst is made of equimolar quantities of Cu, Ni, and Cr203 on CaF2. 

15 An especially preferred catalyst contains 1.0 mole CuO, 0.2-1 mole NiO, 1-1.2 moles Cr203 on 1.3-2.7 

moles of CaF2, promoted with 1-20 weight %, based on the total catalyst, of an alkali metal selected from K t 
Cs, and Rb, preferably K. When K is the promoter, the preferred amount is 2-15 weight % of the total catalyst, 
but the method of adding the K is not critical. For example, it may be added as a salt or base. 

This catalyst is not only useful for the reaction CF3-CFCI-CF3 + H2-»CF3CF = CF2, but also for correspond- 

20 ing hydrodehalogenations CFCI2-CF2CI + H2-)-CFCI - CF2 and 
CF2CI-CF2CI + H2-»CF 2 « CF 2 . 

The catalyst is prepared by coprecipitating, from an aqueous medium, salts of copper, nickel and chromium 
with and preferably on calcium fluoride ; washing, heating, filtering and drying the precipitate ; depositing an 
alkali metal salt on the precipitate ; and calcining the precipitate to convert the copper, nickel and chromium to 

25 the respective oxides. Copper, nickel and chromium salts suitable for use herein include the chlorides, fluorides 
and nitrates, with the nitrates being especially preferred. 

The catalyst may be granulated, pressed into pellets, or shaped into other desirable forms. The catalyst 
may contain a binder to help ensure the physical integrity of the catalyst during granulating or shaping the catal- 
yst into the desired form. Suitable binders include carbon and graphite, with carbon being preferred. When a 

30 binder is added to the catalyst, it normally comprises about 0.1 to 5 weight percent of the weight of the catalyst. 

Another group of catalysts which showed good lifetime in the hydrodehalogenation of CF3-CFCI-CF3, 
CF2CI-CF2CI, or CFCI2-CF2CI is 1.0 CuO/0.2-1 NiO/1-2 Cr 2 O3/0.4-1 MoO3/0.8^t CaF 2 , optionally promoted 
with at least one compound from the group consisting of MgF2, MnF 2 , and BaF2 or with a trace of Pd or WO3. 
Two of these hydrodehalogenation runs were shut down after 1 53 and 361 hours, respectively, while still giving 

35 good results. 

After it is charged to the reactor, the hydrogenation catalyst is reduced with hydrogen at or somewhat above 
the desired reaction temperature before the chlorofluorocarbon feed is started. 

After use in the hydrogenation reaction for a period of time, the activity of the catalyst may decrease. When 
this occurs, the catalyst activity can be regenerated by stopping the flow of halocarbon, flushing the bed with 
40 a gas such as hydrogen, air, or oxygen, at a temperature near or up to 100° higher than the hydrogenation 
temperature for at least several minutes. (A temperature higher than the hydrogenation temperature is normally 
used, but a lower temperature can be used with hydrogen.) After the flushing step, the reactor temperature is 
readjusted to the hydrogenation temperature before resuming the hydrogenation reaction. While the inventors 
do not wish to be bound by any hypothesis, It is believed possible that catalyst activity deteriorates when the 
45 halocarbon feed deposits a small amount of polymer on the catalyst. Heating to a higher temperature in the 
presence of a flowing gas may pyrolyze the polymer to volatile fragments, which are swept away by the gas. 
The nature of the gas is not critical, but hydrogen is preferred. 

A suitable temperature for the hydrogenation step is 250-550°C, preferably 350-475°, and most preferably 
400-450°. A suitable contact time is 0.1-120 seconds. A preferred contact time is 0.3-60 seconds, and the most 
50 preferred contact time is 0.5-15 seconds. 

Suitable pressure in step (b) is 0-100 atmospheres gauge. Preferred is 0-50 atmospheres, and most pre- 
ferred is 2-30 atmospheres. 

As those skilled in the art appreciate, there is a relationship between catalyst activity, temperature, press- 
ure, and contact time such that more active catalyst and higher pressure permit operation at lower temperature 
55 and shorter contact time. 

(ii) Dehalogenation with a metal. The elements of CI2 or CIF can be removed from a halocarbon using a 
metal such as Zn, Mg, Cu, Fe, or Ni or a combination of such metals. It is preferable to use Zn. It is also pref- 
erable to use a polar organic solvent for this reaction, such as an alcohol, ether, dioxane, anhydride, or nitrile. 

9 
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The temperature may be 25-200°C, preferably 70-200'C., and the fame of reaction, which depends on the rea- 
gent and the temperature, can be determined by routine experimentation. 

Examples of Sequence I 
Step la) Chlorofluorination 

In this work the catalyst charged was chromium oxide trihydrate, and dehydration of the catalyst was con- 
ducted at 400°C with a flow of HF. 

Pressure reactions were carried out in a 1 inch by 7 foot (2.54 cm by 2.1 m) Inconei® tubular reactor with 
excess HF to absorb most of the evolved heat. It was possible to maintain catalytic activity over a period of 
four weeks, operating during the day shift only, and at this time the reactor was shut down voluntarily 

Example 29. Feed rates in mois/hour were 44 HF, 22 Cl 2 , and 1 propylene. Operation was at 420°C. at 
115 pounds/square inch absolute (790 kPa). The conversions to various products were : 

C3F7CI 30 

C 3F6C1 2 52 

C3F5CI3 8 

C3F7H 5 



C3F5CIH 5 

25 C3F5CI2H 0.1 

C3F8 0 . 9 

C2F5CI 0.3 



Example 30. The conditions were the same as in the previous example except the temperature was 390°C. 
The conversions to various products were : 





C3F7CI 


re 


35 


C 3 F 6 C1 2 


45 




C3F5CI3 


12 




C3F7H 


7 




C3F 6 C1H 


14 


40 


C3F5CI2H 


3 




C3F6H2 


0.1 




C 3 F 8 


0.1 


45 


C 2 F 5 C1 


0.5 



In these examples ail products are recyclable except QjFa and Q2F5CI. 

Examples on Table I which show good yields to CF3-CFCI-CF3 and intermediates which can be recycled 
are Examples 2-4 and 7. 

Example 31. This example was carried out in a two-inch by five-foot (5 cm x 1.5 m) tubular InconeK© reactor, 
giving CF3CFCICF 3 as the chief product. Feed rates in moies/hour were 90 for HF, 35 for Cl 2 , and 1 .5 for pro^ 
pylene. The temperature was 440°C and the pressure was 1 15 pounds persquare inch (790 kPa). Conversions 
to various products were : 
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C3F7C1 


75 


C3F6C12 


7 


C3F5C13 


5 


C3F7H 


3 


C3F 6 C1H 


5 


C 3 F 8 


2 


C2F5CI 


. 2 



Examples 32-33. The reactor was a 1 inch (2.54 cm) Inconel® tube packed with 50 inches (1.27 m) of catal- 
yst bed. The catalyst was chromium oxide trihydrate from Shepherd Chemical Company. In this flow system, 

is HF and propylene were mixed and chlorine was added, and the mixture was passed into the reactor. Table IV 
shows the results obtained, with very good yields to CF3-CFCI-CF3 and recydables. 

Examples 34-41 . Several pressure chlorofluorinations were carried out to show that underfluorinated byp- 
roducts can be recycled, with or without added propylene. The reactor was an Inconel® tube 2" x 5 ft (5.1 cm 
diameter x 1.52 m), and the catalyst was the same as in Example 29. The pressure was 690 kPa. The "recycle 

20 organic" feed was the product of the chlorofluorination of propylene from which the C3F8 and CF3-CFCI-CF3 
had been largely removed by distillation, and this feed composition is shown in the first column of Table V. From 
these experiments it was demonstrated that the byproducts in the chlorofluorination can be recycled to make 
C 3 F 8 and CF3-CFCI-CF3. 

25 Step lb) Dehaiogenation of CF 3 -CFCl-CF 3 . 

lb (i) Hydroge nation. 

Example 42 . A 1 : 1 molar mixture of hydrogen and CF3-CFCI-CF3 was passed over a BaCrCU-modified 
copper chromite catalyst at 400°C and atmospheric pressure at a contact time of 15-20 seconds. In several 

30 experiments, the once-through conversion to hexafluoropropylene was 60-70%, with C3F7H the major by-pro- 
duct. This could be recycled to step (a) for further chlorination, so the overall yield was excellent. 

Examples 43-45. For these examples, an Inconel® 600 U-tube reactor was made from 24 inches (61 cm) 
of 0.5 inch (1.3 cm) tubing. Each arm of the U-tube was 8 inches (20.3 cm) long, as was the bottom. The inlet 
and outlet to the reactor were 1/4 inch (0.64 cm) tubing, and tees allowed 1/8 inch (0.32 cm) thermowells to 

35 be placed in each end of the tube. The reactor tube was totally filled with catalyst so that as the cool feed gases 
were heated, they were in contact with the catalyst. The inlet thermoweli indicated that the gases were at reac- 
tion temperature within the first 4 inches (10.2 cm) of the reactor length. Because of the preheat length and 
the length of tubing above the level of the alundum, the actual heated length of the reactor was assumed to be 
12 inches (30.5 cm). A separate thermocouple was kept in the fluidized bath to verify the batch temperature. 

40 The cooled product from the reactor was passed into a small polypropylene trap, then into a 20% KOH 

scrubber made of polypropylene. The heat of reaction of HF and HCI with the alkali was never great enough 
to heat the solution above 50°C. The product then went through a water scrubber, a small bed of Drierite R , and 
then to a cold trap in dry ice/acetone where the products and unconverted reactants were collected. 

The main analysis tool used for this work was a temperature programmable Hewlett-Packard 5880A gas 

45 chromatograph with a thermal conductivity detector. This dual column unit was equipped with a pair of 8-foot 
x 1/8 inch (2.43 m x 0.32 cm) stainless steel columns packed with 1% SP-1000 on 60/80 mesh Carbopack B 
purchased from Supeico, Inc (catalog no. 1-2548). These columns were run with helium flows of 30 cc/minute. 
The column was started at 50°C for three minutes, then heated to 150°C at a rate of 20°C/minute, and held 
there for another 15 minutes if necessary. 

50 Three methods were employed in preparing the various catalysts : 

A. Pyrolysis of nitrates. In this method the ingredients such as commercial copper chromite, chromium 
nitrate, M0O3, etc., were prepyrolyzed in a resin kettle until all the removable water and volatiles were 
gone, and then the residue was calcined at 650°C for at least three hours, usually overnight. 

B. The various metal cations were precipitated from aqueous solution by adding KOH and KF solutions. 
55 The crude solids were filtered, washed well with water, prepyrolyzed and calcined as above. 

B*. This method was similar to B, except that precipitation was sequential, rather than simultaneous. 
Typically, CaF 2 was precipitated first, allowed to age at least 24 hours, and only then were the hydrated 
oxides of transition metals precipitated onto the CaF 2 particles. 

11 
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Several dozen catalysts were evaluated, and most of them gave 80-97% yield from CF3-CFCI-CF3 to hexaf- 
luoropropylene. Three of the best runs are shown as Examples 43-45. 

The catalyst for Example 43 was CuO/Cr 2 O3/NiO/0.9 M0O3/2.I CaF 2 . made by method B. 
Example 44 used a CuO/NiO/Cr 2 03/2.7CaF 2 catalyst, prepared by method B\ which performed for over 
130 hours of intermittent hydrogenation, and was still active as the experiment was voluntarily terminated 
Example 45 used as catalyst CuO/1 .2 Cr 2 O3/0.9 NiO/1 .7 CaF^K*. prepared by method A. 
The results for these examples are shown in Table VI. 

Example 45A used pellets of a CuO/NiO/Cr 2 03/2.7 CaF 3 catalyst which had been soaked in KOH until they 

contained, after drying, 7.9 weight percent K. The yield to HFP at 400°C or at 420°C after extended operation 

was quite superior to thatobtained with similar catalysts containing 0.08% or 0. 1 .2% K. and was slightly superior 

to thatobtained with similar catalysts containing 4.6, 8.9, 9.6, and 15.1% K. 

Any by-products made in the hydrogenation step are recycled to step (a), so they do not represent a yield 
loss. 

Example 46A. This hydrogenation was also carried out at elevated pressure, as shown in this Example A 
reactor was made of Inconel® tubing with inside diameter 0.1 9 inches (0.48 cm). The reactor was charged with 
1.0 g of CuO/NiO/Cr 2 03/2.7 CaF 2l which was conditioned with hydrogen at atmospheric pressure at 550°C for 
one hour. Then the reactor was pressurized with nitrogen and fed 95% pure CF3-CFCI-CF3 and hydrogen at 
150-200 psig (1034-1 379 kPa) continuously at 420°C for 46 hours. The conversion of CF3-CFCI-CF3 was 20% 
and the yield of hexafluoropropylene from converted CF3-CFCI-CF3 was 98-1 00%. 

For comparison, a similar run was made under similar conditions with the Cu/Ni/Cr 2 0 3 catalyst of U S 
2,900,423, which gave higher yield to hexafluoropropylene for the first 10 hours, after which the yield decreased 
sharply while the yield in Example 46 was steady or increased, 
lb (ii). Reaction with a suitable reducing metal. 

Example 46. This example describes the preparation and testing of CuO/NiO/Cr 2 03/2.7 CaF 2 containina 
25 various amounts of added K. 

Aqueous calcium nitrate (2.7 moles) was mixed with 5.4 moles of aqueous KF, heated and stirred briefly 
at 1 00°C to form a slurry of CaF 2 - To this slurry were added 1 mole of chromium nitrate, and 1 mole of chromium 
nitrate as solids. The slurry was stirred at 70-80°C until the salts (other than CaF 2 ) dissolved. Then 0.1 mole 
of aqueous KOH was added over a period of 1 hour and the mixture was boiled briefly. The slurry was cooled 
to 40-50*C and filtered. The solid was washed exhaustively to reduce the K content to an undetectable level. 
After drying, KOH was added as a solution in quantities sufficient to provide the K contents shown in Table 8 
After drying, the catalyst was calcined at 600°C for 8-16 hours, then granulated and screened to 1-2 mm par- 
ticles. 

Hydrodehalogenation performance was tested in a reactor comprising a 6.4 mm outside diameter U-tube 
of Inconel®. In each reaction 1 gram of the catalyst was loaded in the reactor along with 1.5 grams of Inconel® 
chips which served as a preheat section. The Inconel® reactor was immersed in a sand bath for heating pur- 
poses. The respective catalysts were reduced by heating at atmospheric pressure in 50 cc/min of H 2 at 25- 
520*C and holding at this temperature for 3 hours. The reaction was then conducted at 1700 kPa (250 psig) 
and 420°C with a hydrogen feed rate of 22 std. cc/min H 2 and a CF3CFCICF3 feed rate of 1 1 .3 grams/hour (1 : 
1 mol ratio). Performance was measured by taking seven on-stream gas samples at forty-minute intervals, 
analyzing using a gas chromatograph, and averaging the results. 

Next, the catalyst was subjected to a reactivation sequence which comprised a 15 minute nitrogen-gas 
purge at atmospheric pressure and 420°C. followed by oxidation for one hour in 30 cc/min air at a catalyst-bed 
inlet temperature of 420°C, a 15 minute nitrogen-gas purge, then reduction using hydrogen at 520°C for 65 
minutes, and cooling the catalyst to 400°C in a nitrogen atmosphere over a 20 minute period. 

Next, synthesis activity at 400°C-420°C was again measured using the same reaction conditions as above- 
descnbed. Seven syntheses samples were taken at regular intervals at 400*C, followed by eight sample sequ- 
ences taken at regular intervals at 420°C, and then at 400°C. Four cycles were conducted using catalyst 
samples containing 0.08 to 15.1 weight percent K. The results are set forth in Table VIII. 

Cycles 3 and 4 are reported in Table VIII ; the selectivity pattern in the last two cycles of the experiment 
is a useful predictor of long-term catalyst performance. Selectivity in Table VIII is defined as mois of HFP pro- 
duced per mol of CF3CFCICF3 consumed based upon gas chromatography analysis of reaction off-gas. Table 
VIII shows that the average selectivity of all catalysts with a potassium content of 4.6% or higher was higher 
in the fourth test cycle than in the third. Catalysts with a potassium content of 1.2% or less show a fall-off in 
55 selectivity in the last two cycles. 

The catalyst with a potassium content of 7.9 weight percent was tested for 1070 hours and found to be 
active and selective in the synthesis of hexafluoropropylene from CF3CFCICF3 at the end of the test. 

The above Examples demonstrate that potassium extends the life and enhances the activity of the catalyst 
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Example 47 . Into a one-liter autoclave containing a few steel bearings to facilitate agitation were placed 
65 g. zinc dust, 15 g. copper powder, and 250 ml. acetonitrile. The autoclave was cooled and charged with 100 
g. of halocarbons, of which 96.3 g. was CF3-CFCI-CF3, 0.7 g. was hexafiuoropropylene, and 1.2 g. was C3F7H. 
The autoclave was shaken for 8 hours at 150°C. After cooling to room temperature, the contents were vented 
5 slowly into a cylinder cooled to -80°C. Gas chromatographic analysis of the product showed 55% of the CF3- 
CFCI-CF3 was converted. The yield to hexafiuoropropylene was 29% and the yield to C3F7H was 68%. This 
by-product can be chlorinated to CF3-CFCI-CF3 for recycle. 

II. Sequences of Reactions based on CF 3 -CCI r CF 3 
10 " 
IIA. 

a) A feed containing at least one of the class consisting of propane, propylene, and a partially haloge- 
nated three-carbon acyclic hydrocarbon is chlorofluorinated to CF 3 -CCI 2 -CF 3 . Less highly fluorinated by- 
products such as CF3-CCI = CCI 2 , CF3-CCI 2 -CF 2 CI, and CF 3 -CCI 2 -CFCI 2 may be recycled to the 

15 chlorofluorination step (a) or fed to the fluorination step (b). 

b) CF 3 -CC! 2 -CF 3 + HF->CF 3 -CFCI-CF 3 

c) CF3-CFCI-CF3 is dehalogenated to hexafiuoropropylene 

Examples of Sequence IIA (Examples 1-9) 

20 

IIA a) forthis step (a), chlorofluorination to CF3-CCI2-CF3, recycling all more lightly fluorinated intermediates 
and also C F3-CFCI-C F2CI , see the section on Chlorofluorination Experiments, especially Examples 1-6 and 8. 
Example 9 makes a useful mixture of CF3-CCI2-CF3 and CF3-CFCI-CF2CI. 

Example 48 . Propylene was chlorofluorinated over CrF3.3.5H20 at 440°C and 115 psia (793 kPa) using a 
25 feed of 100 mole/hr propylene, 30 moles/hr chlorine, and 30 moles/hr HF. Yields were 12% to CF3-CCI2-CF3, 
42% to CF3-CCI2-CF2CI, 18% to CF3-CCI2-CFCI2, 4% to C3F4CI2, 13% to C3F3CI3, 5% to C3F3HCI2, 0.4% to 
C3F3HCI4, and 3% to 2-carbon compounds. This corresponds to a yield to CF3-CCI2-CF3 and recyciables of 
93.3%. 

IIA b) Example 49 . CF3-CCI2-CF3 (64-403 cc/minute) and HF (50 cc/minute) were passed over Cr 2 0 3 at 
30 400°C at a contact time of 18-71 seconds. Analysis showed about 28% conversion of the starting material. The 
conversion to CF3-CFCI-CF3 was 26%, corresponding to a yield of 91%. The results were independent of the 
ratio of HF to CF3-CCI2-CF3. 

At the end of this experiment, which was on stream about 65 hours, the feed composition was changed by 
the addition of 10 cc/hour of chlorine. This improved the yield, measured after another 16 hours on stream, to 

35 93-95%, though the conversion of starting material decreased measurably. This confirms the known obser- 
vation that the overall performance of a catalyst system frequently improves when a small amount of oxidant 
is added to the feed. While oxygen might be used as the oxidant, chlorine is preferred because it avoids the 
possibility of adding water to the reaction mixture. 

Example 50 . In this Example, the catalyst was 9 wt.% CrCI 3 on Harshaw#3945 AI203, a low alkali aluminum 

40 oxide support It was pretreated with 450 cc/minute HF and 1000 cc/minute dry air at 250-4 10°C for 20 hours. 
The treated catalyst had an apparent density of 0.984 g/cc. CF3-CCI2-CF3 was then fed at 18 cc/minute, along 
with 50 cc/minute HF at 450°C. for a contact time of 22.2 seconds. After 40 hours, the conversion to CF3-CFCI- 
CF3 was 33% and recovered reactant was 63%, for a yield of 90%. 

Examples 51-57. Under some conditions a mixture of CF3-CCI2-CF3 and CF3-CFCI-CF2CI is obtained, and 

45 Table VII shows that this mixture can be converted to CF3-CFCI-CF3 in moderate conversion and very good 
yield. These results were obtained in a 14 inch (35.6 cm) by 1/2 inch (1.27 cm) diameter Inconel® 600 reactor 
tube with an inside diameter of 0.43 inches (1.1 cm) in a split tube furnace using 34 grams of chromium oxide 
catalyst at the conditions shown in Table VII. The volume of the tube at temperature was 1 9 cc. The reactants 
(feed composition) and products are on an HF and HCI free basis, as these materials were scrubbed from the 

so product stream. 

Example 58. CF3-CFCI-CF2CI was reacted with HF over the same chromium oxide catalyst at 450-470°C. 
in a 3/4 inch (1.9 cm) Inconel® 600 reactor that was 26 inches (66 cm) long, of which 20 inches (51 cm) was 
at temperature. Typical results for runs using a feed rate of 0.95 moles/hour of CF3-CFCI-CF2CI and 1.1 
moles/hour of HF, expressed in gas chromatograph area %, were : 

55 



13 



NSDOCID: <EP. 



.0434409A1 I > 



EP 0 434 409 A1 



10 



40 



45 



50 



CF4 


0. 

* 


1 




2. 


2 


CF3-CFCI-CF3 


45. 


8 


C 2 F 5 -CF 2 C1 


3. 


6 


CF3-CCI2-CF3 


40. 


0 


CF3-CFCI-CF2CI 


6. 


0 



CF 3 -CC1=CF 2 0.2 



c? e rrf re""™ fity - Jf^S* ftat ^ snotronvertedtothed esired product was isomerized to theuseful 
CF 3 -CCI 2 -CF 3 . The yield to CF 3 -CFCI-CF 3 and recyclable intermediates was 93% 

15 Example 59. CFa-CCIz-CFg (12 cc/min) and HF (48 cc/min) were passed over Cr 2 0 3 at 465°C and a contact 

time of 7.6 seconds. The conversion to the desired productdecreased with time, as usually happens in catalytic 

reasons, but after 850 hours on stream, the product contained 70% starting material. 26% CF3-CFCI-CF3 

0.9% perfluoropropane, 0.1% C 3 F 6 HCI. and 0.1% CF3-CCI = CF 2 . Thus the yield from converted starting ma 

l&I*]3I W3S 87 /Qm 

20 Example 60 Similar results were obtained in shorter runs at 100-200 psig (690-1380 kPa) over the same 

kmd of catalyst For example, at 1 00 psig (690 kPa). 23 cc/min of CFg-CCIz-CFa and 53 cc/min HF were passed 

I J?? 3 8 COntaCt time ° f 24 SeCOnds at437 ° c to 9ive 32% conversion to CF3-CFCI-CF3 at high yield 
after 34 hours on stream. 

Example 61. This step (b) reaction was also carried out at a pressure of 1 00 psig (690 kPa). The reaction 

Tho T T 2 3 « Ube With inSide diamBter 0 43 inches < 1 - 1 cm >- usi "9 30 cc Cr 203 catalyst at 40CW37°C. 
The flow of HF was 53 cc/minute and the flow of CF3-CC! 2 .CF 3 was 23 cc/minute. The contact time was 24 
seconds. The results are presented below : 

30 3 L en»P, -C Conversion to Yield (assuming 

gFi-crqi-Cf? other products were 

start-frier wa^r j »i ) 
400 5.5% 89% 

35 10 83 

425 20 88 

437 32 86 

The halogen exchange reaction of step (b) was also carried out under completely different conditions, using 
SbFs reactant. In general, replacement of CI with F can be carried out with Sb fluorides In the (III) or (V) valence 
state or a mixture of these. Sb chlorides plus HF can also be used. The temperature range can be 25-250'C 
and the time can be 15 minutes to 15 hours. Preferably, the temperature is 150-200°. the reagent is SbF 5 and 
ttie "me is long enough to provide a reasonable conversion of starting material. Higher temperature, longer 
bme. and higher Sb valence tend to higher conversion. As pointed out in Sheppard and Sharts. Organic Fluorine 
Chermstry. W A, Benjamin. Inc.. 1969. the presence of F on a carbon adjacent to a C-CI bond deactivates the 
CI toward replacement using Sb halide. The group— CCI 3 is easier to fluorinate than the group-CCIz- Car- 
bon-fluorine bonds activated by an adjacent double bond react more readily with Sb fluorides 

Exaj2ple_§2. 20.6 g SbF 5 and 20 g CF3-CCI2-CF3 were charged to a 150 ml Hastelloy pressure tube and 
ag.tated for 4 hours at 200°C. The tube was cooled to room temperature and discharged into an Orsat bulb for 
analyse, wh.ch showed 70% CF3-CFCI-CF3 and 29% starting material. Thus the conversion was 70% and the 
yield from converted starting material was 98%. 
HA c) See step 1(b) 



55 IIB. 



a) Chlorofluorination of a feed containing at least one of the class consisting of propane, propylene and 
a partially halogenated three-carbon acyclic hydrocarbon to a mixture of CFyCCIz-CFs and CF 3 -CFCI- 
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CF 2 CI, optionally recycling more lightly fluorinated by-products 

b) C 3 F 6 CI 2 is converted to CF 3 -CFCI-CF 3 by transhalogenation or by reaction with HF. In the case of dis- 
proporttonation, by-products can be recycled to step (a) 

c) CF3-CFCI-CF3 is dehalogenated to hexafluoropropylene. 

5 

Examples of Sequence IIB 

■IB a) For examples of step (a), see the section on chlorofluorination. 
IIB b) 

10 Example 73. In step (b), transhalogenation or disproportionation, CF3-CFCI-CF2CI (the pure isomer, in this 

example) (1 .67 ml/minute) was passed over 181 .2 ml of Cr203 at 420 °C at a contact time of 24 seconds. Con- 
version to CF3-CFCI-CF3 was 7% and conversion to CF3-CCI2-CF3 was 55.3%, while 6.5% of the starting ma- 
terial was recovered. Some less highly fluorinated by-products were obtained and could be recycled. 

Example 22 of U.S. 3,258,500 shows that the reaction of CF3-CFCI-CF2CI with HF over chromium oxide 
is at 425°C gave 96.7% yield of CF3-CFCI-CF3 based on recovered organic products. For other examples of the 
reaction of C3F6CI2 with HF, see HA (b). 

Conditions for the chlorine replacement reaction with antimony fluoride are similar to those described in 
IIA (b). 

IIB c) step (c) is the same as l(b). 

20 

lie. 

a) Chlorofluorination of a feed containing at least one of the class consisting of propane, propylene, and 
a partially halogenated three-carbon acyclic hydrocarbon to a mixture of C 3 F 6 CI 2 and C 3 F 5 CI 3 and 

25 C3F4CI4, optionally recycling more lightly fluorinated by-products 

b) Reaction of this mixture with HF to give CF 3 -CFCI-CF 3? optionally recycling more lightiy fluorinated by- 
products 

c) Dehalogenation of CF 3 -CFCI-CF 3 to hexafluoropropylene. 
30 Examples of Sequence IIC 

IIC a) As to step (a), Table J contains several examples (5-18) in which there is an excellent yield to a com- 
bination of C3F6CI2 and C3F5CI3 and C3F4CI4. Catalysts that gave particularly good total conversions to these 
three compounds include compounds of Nd, Ce f Y, Fe, Pr, Sm, Rh, or Cr supported on carbon, CoO/Cr203, 
35 NiO/Cr203, and RhCl3/Cr203. These are the catalysts that were run at the preferred contact time and tempera- 
ture to give the desired results. 

IIC b) The conditions used in IIA(b) are suitable for this step. 

IIC c) For step (c), see l(b) 

40 III. Sequence of Reactions based on CF 3 -CCl 2 -CF 2 CI 

a) Chlorofluorination of a feed containing at least one of the class consisting of propane, propylene, and 
a partially halogenated three-carbon acyclic hydrocarbon to CF 3 -CCl2-CF 2 Cl f optionally recycling more 
lightly fluorinated by-products 

45 b) CF 3 -CCI 2 -CF 2 CI + HF-*-CF 3 -CFCI-CF 3 , optionally recycling CF 3 -CCI 2 -CF 3 

c) Dehalogenation of CF3-CFCI-CF3 to hexafluoropropylene. 

Examples of Sequence III 

so a) For this step (a), see the section on chlorofluorination, especially Examples 6, 18, and 21. See also 

Example 48 under IIA (a) which gave 42% conversion to CF 3 -CCI 2 -CF 2 CI at a yield to this product plus 
recyclable intermediates of 82%, 12% of the yield loss being to CF 3 -CCI 2 -CF 3l a useful product in other 
sequences of reaction steps. 

b) For this step (b), chlorofluorination of CF3-CCI2-CF2CI results in the formation of CF 3 -CFCI-CF 3 , and 
ss simple reaction with HF is equally effective, since the starting material already contains more than 

enough chlorine. CF 3 -CCI 2 -CF 3 is also obtained. See HA(b) for the conversion of CF3-CCI 2 -CF 3 to CF 3 - 
CFCI-CF 3 . 

Fig. 3., using Cr203 catalyst, shows that at 350-500°C, chlorofluorination of propylene gives increasing 
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10 



15 



20 



25 



3*H?rt SSS^ ' IS SUbst , antial * no CF3-CCI2-CF2CI. This means that contacting CFa-CCl^CFaCI 
rmounte of c£ ^STS?^^ T 9 °° d conversions to CF 3 -CFCI-CF 3 . along with sub^tan ia. 
rib fluoride 03,1 reCyCled See 3,80 ,he C ° nditi0nS Used in ,,A < b > for reaction WW HF 

c) step 111(c) is the same as 1(b). 

IV. Sequence based on CF^-CCU-C FCI., 

a) Chlorofluorination of a feed containing at least one of the class consisting of propane, propylene, and 
a partially halogenated three-carbon acyclic hydrocarbon to CF,-CCI,-CFCI, 

b) CF 3 -CCI 2 -CFCI 2 + HF-j.CF 3 -CFCI-CF 3 2 

c) Dehalogenation of CF 3 -CFCI-CF 3 to hexafluoropropylene 

Ca£ rSS5^']no a c n r« eX T Ple ° f ^ ah ^ ,ene was chlorofluorinated over a catalyst of CaCI 2 and 
C0CI2 °n carbon at 400-C and a contact time of 6 seconds. The flow of propylene was 3.3 ml/minute that of 

Ca^a^vaT'^ H h !l 0f „ Ch, ° rine 29 m,/minute - The P">^ct was 24% CFa-CCI^CFC 68% CF3- 
toCF 3 ^CFcfS 

ra ot-3-ou2-CFCl2 plus recyclable by-products was 96%. 
Examples 76-80. See Table I. 

b) As to step (b), chlorofluorination of CF 3 -CCI 2 -CF 2 CI results in the formation of CF3-CFCI-CF3 and simole 

C F f CcJcpci in e r" y IT* SinCe Startin9 materia ' a ' ready COntains more tha " cS 
CF3-CCI2-CFCI2 can be similarly converted to CF3-CFCI-CF3. 

- m « FiS ; 3 ;^ in ^S^° 3 Cata ' ySt ' ShOWS that at 350 - 5 00°C. chlorofluorination of propylene gives increasinq 
ITwaZ 3 ™^* ^ SUbStantia,, y no CF3-CCI.-CFCI.. This means that contacting C^SSS 

o! s£ fluoridS 03,1 reCy 66 a,S ° thC COnditi ° nS f ° r " A < b > for reaction with HF 

c) For step (c) see 1(b) 



30 



35 



40 



45 



50 



55 



16 



3 DOC ID: <EP 



0434409A1_I_> 



EP 0 434 409 A1 



O 
Eh 



8 



ol * 

VO CO 

Ol 



^^^^^^^^^^^^^^^^ 



col 



§ 



g 51 

>* r> 



g 

O in 
m 



o in 

CO O) 



«H VO 

r- vo 



rH 



8 



w 



& 

o 
ce 
p. 

o 

a: 
o 

M 
< 

M 
K 

O 

3 

O 



o 



aq (N^HOnnnnnnnnnnoJOnnm^OHnnnnn 



*H fH 

£1 SgSgSHSSSBSSKSSSSSgSSSSSSSS 



P4 



<N *r cn r> 

rH O CM O O O O 



•HOOOOOrHO 



n vo cm 
O O O 



OOOOVD\Ov0OOvO*r>VOcO©OO 



o o o o o 



oaooo in o vo vo 



ominoooooooooooooooooo 



in o in o o o 
t^Otnc^r^TfOTrooo 



3 

< 



O CP 
/m in 
— rsj 

O O 

o K 
\ o 

Si 

o o 



in 

fM 

«»— ' 

«5 
C 

s 

3 



CP tP 
o o 



c 
o 

0) 



o 
I 

u 
o 



tji in 

O* tJ* O* rH — * t7\ CP — ^ 
w O O • HO frOO &» 

OJrH «H CP O O HO HHCO 
O • w o ' CM*-* i-H «^-- — - ^ 

in *h n w 
•OO^UUO O O O 

X n m r> n ro o\ n n n 
^7} H O rH H OrH »H H 

• O O cmU U U h U O U 



O rH 



•o 



tn« — o 

O CT»rH 
rH O ' 
— - rH 



— a — 



CO § 



- — VO 01 

D> » in 

00 C*< fH 
O cm n 

CM O O t*4 

— O r^ X rH 
M O r-i < 

mO — ^ 
O in m a) 
<N • • O tJ 

a> u \-h 

O O CO n X 
\ CO f^rH O 



m fsl t7» t7»^ O cso 
♦rH mo tr o h o 

HU NHOUUU 
» O O ^-^rH O 

mo ^ + cj + 

• + no 

CJ H K n CMrH 

ino Ohhoh 

C *-*0 O 3 O 



O 

3 



O 



u 
u 



■P 

>1 

rH 

<d 

as 
o 

o 

at 

B 
0 

rH 
O 
> 

o 



4J 

» 

T3 
O 
C 
•H 
q-l 
0) 

-a 
to 

♦H 

T( 
C 
(0 



c 

•H 

*a 

tn 
w 
a> 
»-( 

x 
a) 

0) 
nf 
TJ 

c 
as 

<d 
CP 



T3 
•H 
> 

-H 

T3 
C 



a) 
o 



m 

0) 

<0 
M 

o 

rH 

<u 

XI 
4-» 



oi — a> 

C TJ (0 

o c 
o o vo 
a) o x 
ta a> r*> 
w o 
c \ 

•H UT3 

o c 



o 

C 

o 

0 

u 
o 



0) 



w 

10 o 
CP - 
a: 



o 
o 

rH 



m 

O 

x: 



o 

0) 

IT 3 
*H C 

<4-l .rH 

E 

Q) \ 
X2 U 
£-* O 



a) 

4J 



17 



EP 0 434 409 A1 



O 
H 

Q 

W 

M 



(W» <*» c*> c*» 

o in io in vo 

o 00 o\ G\ CO 



to 



o 



£ U4 
O n 



t>e <*> <h> <*> 
m h tn m 



f5 



8 



8 



+ + i 

n n 
i-t « — I] 
o CJ ul 
«<r in vo 

0 m n 



CO 



COOJiHiHr^Onr-l 

vocot^cncot^cor* 



<*» <*> <*> <*> 
VD V£> H n O 

co co m n 



20 



o 

Q 

W 
M 



in 
co 



cn 



O 
O 



25 



30 



35 



Q 
Ed 

M 

8 



CQ 

3 



o 

Q 



o 



9 

co 
M 

O! 



40 



> CO 

O m 



3 d 

w 

Ul 



o o o 
o o o 

H HH 



vd r- \r> 



cn 



CN 
CO 



o 
o 



CO 



o 

CO 



<*3 <*> <*> 

h m o h oj 

CTv f^- CO CO CT\ CT» 



cAcococno^como 



CTl CO CO 
<t> CTk 



VP 
o 
o 



45 



50 



55 



o 












o 


co 


u 


Pi 






o 






Q 








w 




H 


ro 


>* 














W 



*• c* 

CD H 
HHH 



IN 



fN 



cr» on 



CTiCDCOCOO\O\00CnC7lC7\Ot 



ro i 



ftp 




18 



SDOCID:<EP 0434409A1 t > 



EP 0 434 409 A1 

o 
u 

1 

o 




19 



ifctorwir-*. . r- n 



EP 0 434 409 A1 



w 



15 



20 



25 



30 



H 
pa 

3 



35 



2 



40 



45 



50 



q ol 

|J CM| 
W «Hf 
M U 

x ol 



3 



SI 



to 

3 



CD 



CD 



CO 
CO 



03 



CD 



o 
to 



vo 



CM 



o 



CD 



vo 



9i 



O 
CN 



o 
o 

CM 



u 

O 

o 



CD 



cm 



O 

o 

cm 



O 
\ 
n 

o 
o 



cm 



o 


O 


0 


o 


o 


o 


CM 


CM 


CM 









o 
\ 

tn 

O 
u 
o 



o 

o 
o 



\ 

n 

o 
o 



CM 



to 

CM 



VO 
CM 



CM 



CD 
CM 



e *3 

4J CO 
O tt 
4J B 
C 

0 h 

5 & 
o • 

U 

o *s 

« 

B 0 

>i « 



e 

u ^-i 

c § 

* J; 

O *o 

o 5 



2 5 

0 M 

JZ Q 

«P VI 



to 

0 

© 
C 

© 



C 



a 

C 

o 
u 
o 
a 



a 
o 



0 

s: 

« 

M 



0 

c 
« 

o 

o« 

-« a «a 
tj c 

B C B 

o 

O M 

• m 
■ bo 

-H \ 

U »k 

o 

nub 

■U 0 0 

c a 

O B • 
O O* 0 « 
0 -P 

© *H 0 O 



o 

CM 

o 

O 



en 
O 



en 
O 

c 

0 



0 

JC 

o 

0 
u 
0 
0 
o 

B 



CM 

o 

vo 

&* 

m 

o 



co • 
&. i 

OO 
O CM 
Pm 

* O 

•H CM 
O rH 

rvo 
b O 
n m 
O b 
O 

w 

0 c 
u ra 

« t» <D 
0 0 4J 

■ 5^ 

« B ■ 

-H kl C 
■DO© 
O ■ 4J 

m o a 

0 -H 

o c 

0 lOrH 

BOO 
H 0 



55 



20 



3DOCID: <EP 



.0434409A1 I > 



EP 0 434 409 A1 



10 



15 



20 



25 



30 



35 



TABLE IV 

EXAMPLE 22 

Temperature, °C 400 400 

C 3 He/Cl2/HF 1/V25 1/7/49 

Moles/hour 7 6 

Contact time, Bee 15 18 

C 3 F 8 3% 4% 

CF3CFCICF3 19 2 0 

CF3CCI2CF3 53 52 

CF3CCI2CF2CI 7 2 

CF3CF2CHF2 2 10 

CF3CFCICHF2 2 4 

CF 3 CCl2CHF 2 8 3 

Cx-2 Products 1 4 

Conv to C3F8 3 3 

Conv to CF 3 CFC1CF 3 19 17 

Conv to CF3CCI2CF3 53 4 5 

Yield to C 3 Fe +R 94 98 

Yield to CF3CFCICF3 +K 91 94 
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TABLE VI 

CONVERSION OF CnTjCl TO CiFfi 

example AA £5 

Temperature, °C 399 400 402 

Hours after startup 1.0 1.0 3.5 
Feed 

CF3CFCICF3 90% 77% 79% 

C2F5CF2CI 7% 21% 17% 

CF3CCI--CF2 2% 0.9% 0.7% 

Product, excluding 

recovered reactant 

C3F6 27% 45% 49% 

C2F5-CF2H 0.5% 0.6% 0.6% 

CF3-CFH-CF3 1% 0.8% 0.9% 

Conversion of CF3-CFCI-CF3 31% 60% 63% 

Yield from CF3CFCICF3 96% 98% 97% 
to CF3CF-CF2 

Contact tine, seconds 11 11 10 
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Tabl e VI II 

EFFECT OF POTASSIUM CONTENT ON CATALYST PERFORMANCE 



Example 



Sel. to HFP(!) 
at 420 *C 



Sel. to HFP 
at 400 m c 
fpycle 4) 



a 

b 
c 
d 
e 
f 

g 



1390 
9.60 
8.90 
7.9 
4.60 
3.0 
0. 08 



74.8 
77.5 
74.2 
78.5 
717, 
719, 



45. 



82. 
83. 
76.1 
822 
74.7 
46.6 
20.6 



(1) Sel. to HFP = Selectivity to Hexaf luoropropylene 



Claims 



1. A process for the preparation of saturated perhalogenated C-3 chlorofluorocarbons which comprises 
chlorofluorinating at least one of propane, propylene and partially halogenated C-3 acyclic hydrocarbons. 

2. A process according to claim 1 wherein the chlorofluorocarbon is at least one of C 3 F 4 C1 4 , C 3 F S C1 3 , 
CF 3 CFC1CF 2 C1, CF 3 CC1 2 CF 3 and CF 3 CC1 2 CC1 3 . 

3. A process according to claim 1 or 2 wherein there is substantially no perfluoroiso butyl en e produced as a 
by-product 

4. A process according to claim 1, 2 or 3 carried out in the vapor phase. 

5. A process for the preparation of hexafluoro propylene which comprises the process of any one of claims 1 
to 4 and the additional steps of fiuorinating any chlorofluorocarbons that are not CF 3 CFC1 CF 3 to produce 
CF3CFCICF3 and dehalogenating any CF 3 CFC1CF 3 from said chlorofluori nation and CF 3 CFC1CF 3 from 
said fluorination to hexafluropropylene. 

6. A process for the preparation of hexafluoropropylene which comprises fiuorinating a saturated perhaloge- 
nated C-3 chlorofluorocarbon to produce CF 3 CFC1CF 3 and dehalogenating said CF 3 CFC1CF 3 to hexaf- 
luoropropylene. 

7. A process according to claim 5 or 6 wherein the dehalogenation is carried out in the presence of hydrogen 
and a K-containing catalyst 

8. A process which comprises fiuorinating with HF, in the presence of C1 2 , saturated perhalogenated C-3 
chlorofluorocarbons having less than seven fluorine atoms to produce CF 3 CFC1CF 3 . 

9. A process according to claim 8 wherein the chlorofluorocarbon is at least one of C 3 F 4 C1 4 , C 3 F 5 C1 3 , 
CF 3 CFC1CF 2 C1, CF 3 CC1 2 CF 3 and CF 3 CC1 2 CC1 3 . 

10. A catalyst comprising about 1.0 mole CuO/0.2-1 mole NiO/1-3. mole Cr 2 03/4.-21, mole CaF 2 further con- 
taining 1-20 weight percent of at least one of K, Cs and Rb. 

11. A catalyst comprising about 1.0 mole CuO/0.2-1 mole NiO/1-2 moles Cr 2 O3/0.4-1 mole MoO 3 /0.8-4 moles 
CaF 2 further containing 1-20 weight percent of at least one of K, Cs and Rb. 

25 
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12. A catalyst according to 10 or 11 wherein K is present in an amount of 2-15 weight percent 

13. A catalyst according to claim 10 p 11 or 12 having a process lifetime of greater than about 1000 hours. 

5 14. A process comprising the hydrodehalogenation of a 2-3 carbon perchlorofluorocarbon using a catalyst as 
claimed in any one of claims 10 to 13. 

15. A process according to claim 14 wherein the reaction temperature is 250-550°C, the contact time is 0.1-120 
seconds, and the pressure is 0-100 atmospheres gauge. 

10 

16. A process comprising the fluorination of CF 3 -CFC1-CF 3 to hexafluoropropylene using a catalyst as claimed 
in any one of claims 10 to 13. 
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